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In the title molecule, C 12 H 6 N 4 0 8 S 2 , the dihedral angle 
between the benzene rings is 77.00 (8)°. The mean planes of 
the nitro groups are twisted slightly from the benzene rings, 
forming dihedral angles in the range 2.3 (2)-8.6 (3)°. The S— S 
bond length is 2.0458 (7) A. Each S atom is essentially 
coplanar with the benzene ring to which it is attached, with 
deviations from the ring planes of 0.0163 (5) and 0.0538 (5) A. 
In the crystal, molecules are linked through weak C— H- ■ O 
hydrogen bonds, forming a two-dimensional network parallel 
to (001). 

Related literature 

For synthetic applications of disulfides, see: Khavasch et al. 
(1950); Mitin & Zaperalova (1974); Stepanov et al. (1974, 
1977); Cochran et al. (1996). For the natural occurrence of 
disulfides, see: Ramadas & Srinivasan (1995). For the 
preparation procedures for disulfides, see: Khavasch & 
Cameron (1951); Traynelis & Rieck (1973); Bilozor & 
Boldyrev (1984). For standard bond lengths, see: Allen et al. 
(1987). For related structures, see: Glidewell et al. (2000); Song 
& Fan (2009); Xiao et al. (2010); Buvaneswari et al. (2012). For 
hydrogen-bond graph-set motifs, see: Bernstein et al. (1995). 
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Experimental 

Crystal data 

C 12 H 6 N 4 0 8 S 2 
M r = 398.33 
Monoclinic, P2 i /c 
a = 11.3776 (6) A 
b = 11.9579 (5) A 
c = 11.0459 (6) A 
P = 90.943 (2)° 




V = 1502.62 (13) A 3 
Z = 4 

Mo Ka radiation 
,tt = 0.41 mrrT 1 
T = 293 K 

0.25 x 0.20 x 0.20 mm 



Data collection 

Bruker Kappa APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2004) 
Tm,, = 0.804, r mttx = 0.922 

Refinement 

R[F 2 > 2a(F 2 )] = 0.047 

wR(F 2 ) = 0.141 

S = 1.02 

5706 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



22589 measured reflections 
5706 independent reflections 
3983 reflections with / > 2a(I) 
R in . = 0.025 



235 parameters 

H-atom parameters constrained 
A/W = 0.44 e A~ 3 
Ap mi „ = -0.25 e A~ 3 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C5-H5-02' 


0.93 


2.54 


3.341 (3) 


144 


C8-H8- ■ 03" 


0.93 


2.60 


3.403 (2) 


144 


C12-H12- ■ 06 m 


0.93 


2.42 


3.139 (2) 


134 


Symmetry codes: (i) — x - 


h2,y-§, 


-z + \, (ii) x, y - 


1, z; (iii) -x + l,y H 


-1 -z + h 



Data collection: APEX2 (Bruker, 2004); cell refinement: APEX2 
and SAINT (Bruker, 2004); data reduction: SAINT and XPREP 
(Bruker, 2004); program(s) used to solve structure: SIR92 (Altomare 
et al, 1993); program(s) used to refine structure: SHELXL97 (Shel- 
drick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 
2012) and Mercury (Macrae et al., 2008); software used to prepare 
material for publication: SHELXL97. 

The authors thank the IIT Madras for the data collection 
and the University Grants Commission, New Delhi, for 
financial support. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LH5606). 
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1,2-Bis(2,4-dinitrophenyl)disulfane 

Selvarasu Muthulakshmi and Doraisamyraja Kalaivani 

Comment 

The title molecule has acquired significance as it is employed to prepare several other synthetically important molecules 
(Khavasch et al., 1950; Stepanov et al, 1974; Stepanov et al, 1977; Cochran et al, 1996; Mitin & Zaperalova, 1974). Di- 
sulfide compounds are found in many naturally occuring compounds (Ramadas & Srinivasan, 1995). Despite the fact that 
several synthetic procedures are available for the preparation of title molecule, the yield of it is less than 55% in many 
cases (Khavasch & Cameron, 1951; Traynelis & Rieck, 1973; Bilozor & Boldyrev, 1984). In the present work, it is 
obtained in good yield (greater than 90%) with high purity through a one pot synthesis. 

The molecular structure of the title compound is shown in Fig. 1. The bond lengths (Allen et al, 1987) and bond angles 
are within normal ranges and are essentially the same in both chemically similar halves of the molecule. The the S — S 
bond is formally a single bond [SI — S2 bond length = 2.0458 (7)A]. The dihedral angle between the benzene rings is 
77.00 (8)°. Similar observations have been reported in related molecular structures (Glidewell et al, 2000; Song & Fan, 
2009; Xiao et al, 2010; Buvaneswari et al, 2012). The mean planes of the nitro groups are slightly twisted from the 
benzene rings forming dihedral angles of 4.4 (2), 8.6 (3), 5.3 (2) and 2.3 (2)° for the nitro groups containing Nl, N2, N3 
and N4 respectively. In the crystal, weak C — H— O hydrogen bonds (Table 1) connect molecules to form i? 3 3 (20) and 
R^{22) graph-set motifs (Bernstein et al, 1995) contained within two-dimensional corrugated sheets running parallel to 
(001) (Fig 2). 

Experimental 

l-Chloro-2,4-dinitrobenzene (2 g, 0.01 mol) was dissolved in 20 ml of DMSO. Thiourea (0.8 g, 0.01 mol) was also 
dissolved in 20 ml of DMSO. These two solutions were mixed together and stirred well for about 2 hours and then 
allowed to stand 303K. On standing, a crystalline yellow solid separated out. The yellow coloured crystals were filtered 
and dried. The solid obtained was ground well and washed repeatedly with water, alcohol and ether to remove unreacted 
l-Chloro-2,4-dinitrobenzene (DNCB) and thiourea (TU). The washed sample was recrystallised from acetic acid to yield 
single crystals. The yield of the pure compound was 95% (melting point greater than 533K). Micro analysis, calcd:C, 
36.18; H,1.50; N, 14.07; found : C, 36.37; H, 1.27; N, 14.13. It is worth mentioning that in the reported preparation, the 
title molecule crystallizes in the pure form from the reaction mixture and the IR, PMR and micro analysis data of the 
sample before and after recrystallisation are exactly the same. 

Refinement 

H atoms were placed in calculated positions with C — H = 0.93A and were included in the refinement with U is0 (H) = 
1.2U eq (C). 



Acta Cryst. (2013). E69, o808-o809 



sup-1 



supplementary materials 



Computing details 

Data collection: APEX2 (Broker, 2004); cell refinement: APEX2 and SAINT (Bmker, 2004); data reduction: SAINT and 
XPREP (Bruker, 2004); program(s) used to solve structure: SIR92 (Altomare et ah, 1993); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and Mercury 
(Macrae et ah, 2008); software used to prepare material for publication: SHELXL97 (Sheldrick, 2008). 




Figure 1 

The molecular structure of the title conpound showing 30% probability displacement ellipsoids. 




Figure 2 

Part of the crystal structure with hydrogen bonds shown as dashed lines. 
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1,2-Bis(2,4-dinitrophenyl)disulfane 

Crystal data 

C 12 H 6 N 4 0 8 S 2 
M r = 398.33 
Monoclinic, Fl\lc 
Hall symbol: -P 2ybc 
a = 11.3776 (6) A 
6= 11.9579 (5) A 
c= 11.0459 (6) A 
^ = 90.943 (2)° 
V= 1502.62 (13) A 3 
Z = 4 

Data collection 

Broker Kappa APEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co and <p scan 

Absorption correction: multi-scan 

(SADABS; Broker, 2004) 
T mm = 0.804, r max = 0.922 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > 2cr(^)] = 0.047 

wR{F 2 ) = 0.141 

5= 1.02 

5706 reflections 

235 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



F(000) = 808 

D x = 1.761 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 7792 reflections 

6= 2.5-30.2° 

fi = 0.41 mm 1 

r=293 K 

Block, yellow 

0.25 x 0.20 x 0.20 mm 



22589 measured reflections 
5706 independent reflections 
3983 reflections with I > 2e(I) 
R mt = 0.025 

^max 33.5 , $rnin 2.5 

/* = -17->T6 
£ = -17->18 
/ = -16— 16 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[a 2 (F a 2 ) + (0.068 IP) 2 + 0.4377P] 

where P = (F a 2 + 2F 2 )/3 
(A/ C 7) max < 0.001 
Ay9 max = 0.44 e A" 3 
Apmm = "0.25 e A" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R- factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



" iso ' ^ eq 



CI 
C2 
H2 
C3 
C4 



0.94644 (14) 
0.87515 (16) 
0.8704 
0.81090(15) 
0.81370(13) 



0.13448 (15) 
0.21656 (14) 
0.2863 
0.19244(13) 
0.08818 (12) 



0.26049 (15) 
0.21366 (17) 
0.2504 
0.11069 (16) 
0.05402 (14) 



0.0423 (3) 
0.0459 (4) 
0.055* 
0.0414 (3) 
0.0360 (3) 
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Atomic displacement parameters (A 2 ) 
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1 T71 O / 1 /T\ 

1.7738 (16) 


Nl — Oz 




1 1 1 A /"> \ 

1.219 (3) 


PC z' 1 /_ 

C5 — Co 


1.377 (2) 


XTO f~\ A 

Nz — 04 




1.207 (3) 


p z ttc 

C5 — H5 


a no AA 

0.9300 


XTO 

N2 — 03 




1 111 PJ\ 

1.211 (3) 


C6— H6 


0.9300 


N3— 05 




1.215 (2) 


C7— C8 


1.371 (2) 


N3— 06 




1.215 (2) 


/""7 fin 

C7 — C12 


1 IT) /1\ 

1.373 (2) 


XT/1 /~~\ ~7 

N4 — 07 




1 111 /1\ 

1.211 (2) 


p"7 \n 

C7 — N3 


1 /l/^O ZO\ 

1.463 (2) 


N4 — 08 




1 HO /1\ 

1.21o (2) 


p o p n 

C8 — C9 


1.376 (2) 


SI — S2 




1 (1/1 CO /"7\ 

2.0458 (7) 


Co — Ho 


A A1AA 

0.9300 








p ~\ ni p / 

C2 — CI — Co 


122.07 (16) 


/^O XT/1 

C8 — C9 — N4 




11/" A 1 /1/1\ 

116.01 (14) 


C2 — CI — Nl 


1 1 O /" 1 / 1 T\ 

118.61 (17) 


C10 — C9 — N4 




111 11 /1/1\ 

121.21 (14) 


p / p 1 XT 1 

Co — CI — Nl 


119.31 (17) 


l 1 yi 1 r\ /^A 

Cll — C10 — C9 




11/TOI /1 1\ 

116.81 (13) 


p i po PI 

CI — C2 — C3 


1 1 H O 1 / 1 C\ 

117.81 (15) 


pi 1 pin co 

Cll — C10 — S2 




122.06 (12) 


CI — C2 — H2 


121.1 


/"'A /" < 1 t\ Ol 

C9 — C10 — S2 




111 11 /11\ 

121.13 (11) 


p ~> p 1 TT1 

C3 — Cz — Hz 


111 1 

121.1 


C • 1 -> /"" 1 1 PIA 

C 1 2 — C 1 1 — C 1 0 




111 /II /I A\ 

\2VA1 (14) 


P 1 P ") p,l 

Cz — C3 — C4 


1 ii m /1 c\ 
122.93 (O) 


f • 1 1 /^1 1 IT 1 1 

C 1 2 — C 1 1 — H 1 1 




1 1 A 1 

119.3 


/"*1 /""O Ml 

Cz — C3 — Nz 


1 1 / TO /"1 /-\ 

116.33 (16) 


nn n 1 ttii 

C10 — Cll — Hll 




1 1 A 1 

119.3 


C4 — C3 — N2 


1 in f \\ /~\ 

120.74 (16) 


C7 — C12 — Cll 




110A1 /1/1\ 

118.92 (14) 


C3 — C4 — C5 


1 1 /" "7 / 1 C\ 

116.76 (15) 


r^n pi i ttii 

C7 — C12 — H12 




1 1A C 

120.5 


p*5 a c 1 
C3 — C4 — S 1 


lzl.6o (Iz) 


C 1 1 — C 1 2 — H 1 2 




1 OA C 

IzO.D 


p r p a 

C5 — C4 — SI 


111 C A / 1 1 \ 

121.54 (12) 


i~\ 1 XT 1 /" v~» 

Ol — Nl — 02 




ii/i /i c / 1 r\\ 

124.45 (19) 


P S" p C f ' A 

C6 — C5 — C4 


111 11 / 1 C\ 

121.21 (15) 


i~\ i XT 1 S ~~ 1 

Ol — Nl — CI 




1 in 1 ^ / -1 pv \ 

117.14 (19) 


p s PC TTC 

Co — C5 — H5 


1 1 A A 

119.4 


/~\1 XT 1 P 1 

U2 — N 1 — CI 




1 1 O /I /1\ 

118.4 (2) 


p/i pc \jz 
C4 — Cj — Hd 


1 1 A A 

1 19.4 


r\A XTO 

U4 — JN2 — U3 




ni TO /1 A\ 

123. 11 (19) 


CI — C6 — C5 


1 1 A 1 1 /■ 1 

119.21 (16) 


/-"\ /i XT1 p< O 

04 — N2 — C3 




1 1 O 1 "7 / 1 "7 \ 

118.27 (17) 


CI — Co — Ho 


1 OA -1 

lz0.4 


Al XTO P"5 

U3 — Nz — C3 




1 1 O A ZO\ 

llo.U (Z) 


C5— C6— H6 


120.4 


05— N3— 06 




123.81 (17) 


C8— C7— C12 


122.49 (14) 


05— N3— C7 




118.59(15) 


C8— C7— N3 


118.38 (14) 


06— N3— C7 




117.57(16) 


CI 2— C7— N3 


119.13 (14) 


07— N4— 08 




123.85 (16) 


C7— C8— C9 


117.59(14) 


07— N4— C9 




118.39(16) 
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t~*H /~ ' O TTO 

C7 — C8 — Ho 




/"v O \T/1 PA 

U8 — N4 — C9 




117.76 (15) 


p (\ p o TTO 

C9 — Co — H8 


1 o 1 o 

121.2 


C4 — SI — S2 




104.44 (6) 


Co — C9 — CIO 


1 oo *70 / 1 /i\ 

122.78 (14) 


C10 — S2 — SI 




1 AC A 1 /C\ 

105.01 (5) 


p / pi PI p -7 

Co — CI — C2 — C3 


-0.7 (3) 


XT'} /in pi o pi 1 

JN 3 — C7 — C 1 2 — C 1 1 




1 7n n / 1 /i \ 

179.17 (14) 


XT1 z' 1 1 f "~) /""> 

N 1 — CI — C2 — C3 


1 Of / 1 C\ 

-179.85 (15) 


pi a p i | p 1 o pa 

C 1 0 — C 1 1 — C 1 2 — C7 




0.3 (2) 


C 1 — C2 — C3 — C4 


1.3 (2) 


PO pi \T1 A1 

C2 — C 1 — N 1 — 0 1 




1 tc z:a /1 a\ 

-175.60 (19) 


p 1 PI P "> XTO 

C 1 — C2 — C 3 — N 2 


1*70 / 1 C\ 

-178.22 (15) 


p / pi XT1 /~\ 1 

C 6 — C 1 — N 1 — U 1 




C 1 /o \ 

5.2 (3) 


C • ~\ po p,i 

C2 — C3 — C4 — C5 


A A /OA 

-0.9 (2) 


P O p 1 XT1 P ""> 

C2 — CI — N 1 — U2 




2.9 (3) 


XT1 o p a p r 

N2 — C3 — C4 — C5 


no c c / 1 c\ 

178.56 (15) 


Co — CI — N 1 — 02 




1 *7zl ^ £. f 1 0\ 

-176.26 (18) 


C2 — C3 — C4 — S 1 


nn a~i zi'js 

177.43 (13) 


fri ~KT1 r\A 

L2 — C3 — N2 — U4 




171.12 (18) 


XTO C ' ^ P A ri 1 

N 2 — Ci — C4 — S 1 


O 1 /T\ 

-3.1 (2) 


p A PO XTO f~\A 

C4 — C 3 — N 2 — <J4 




O A /O \ 

-8.4 (3) 


P "> A PC P /. 

C3 — C4 — C5 — Co 


A A /OA 

0.0 (2) 


p-) pi XTO /"VO 

C2 — C3 — N2 — U3 




-7.9 (3) 


S 1 — C4 — C5 — Co 


1 *70 TO /I 1\ 

-178.38 (12) 


C4 — C3 — N 2 — 03 




172.6 (2) 


p ~\ r i i p / PC 

L2 — C 1 — Co — C5 


A O /O A 

-0.2 (3) 


p o PT XT'? /"\C 

C8 — C7 — N 3 — U5 




1 TO AO / 1 £\ 

173.98 (16) 


XT1 f 1 C ' /_ PC 

N 1 — CI — Co — C5 


1 TO AC / 1 C\ 

178.95 (15) 


PH p "7 XT') / ~v C 

C 1 2 — C 7 — N 3 — (J 5 




-5.4 (2) 


p A PC P /" pi 

C4 — C5 — Co — C 1 


0.6 (2) 


p o PT XTT /"\ /_ 

C 8 — C7 — N 3 — Oo 




/I 1 /o\ 

-4.1 (2) 


C12 — C7 — Co — C9 


A 1 /1\ 

0.1 (2) 


C12 — C7 — N3 — Oo 




176.51 (17) 


XTO /"in PO /" ("v 

N3 — C7 — Co — C9 


-179.24 (13) 


r~\ f ) PA XT/I / "\ ~T 

C8 — C9 — N4 — 07 




2.6 (2) 


p "7 PO /""'A pi A 

C7 — Co — C9 — CIO 


A O /1\ 

-0.2 (2) 


Z" 1 1 A p r\ XT/l /"A ^7 

C 1 0 — C9 — N 4 — 07 




1 "7 "7 Tl / 1 H\ 

-177.71 (17) 


CH /^Q /~Ti XT/I 

C / — Co — C9 — JN4 


1 in ci /1 a\ 
1 /9.53 (14) 


r^Q r~"Ck xt/1 /~*q 
C 8 — C 9 — JN 4 — O 0 




1 7i /in /1 
— 1 / /.6/ (lo) 


Co — C9 — CIO — Cll 


a o n\ 

0.3 (2) 


f • \ {\ /~<C\ XT A /~iO 

C 1 0 — C 9 — N 4 — O 8 




O 1 /o\ 

2.1 (2) 


vm po pin P11 


— 1 70 Ifi, (\A\ 
i / v.jo V * v 


v^- J — v^^+ — o 1 — oZ 




1 78 71 n 9 s ! 
I/O. /I vl^J 


C8— C9— CIO— S2 


179.38 (12) 


C5— C4— SI— S2 




-3.03 (14) 


N4— C9— CIO— S2 


-0.3 (2) 


Cll— C10— S2— SI 




-4.57 (14) 


C9— CIO— Cll— C12 


-0.4 (2) 


C9— C10— S2— SI 




176.45 (11) 


S2— CIO— Cll— C12 


-179.43 (13) 


C4— SI— S2— C10 




80.78 (7) 


C8— C7— CI 2— Cll 


-0.2 (2) 








Hydrogen-bond geometry (A, °) 


D—R-A 


D — H 


n-A 




D—R-A 


C5— H5-02' 


0.93 


2.54 


3.341 (3) 


144 


C8— H8-03" 


0.93 


2.60 


3.403 (2) 


144 


C12— H12-06 1 " 


0.93 


2.42 


3.139(2) 


134 



Symmetry codes: (i) -x+2, y-l/2, -z+1/2; (ii) x,y-l, z; (iii) -rf 1, y+l/2, -z+1/2. 
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